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Title of the Invention IMB^** S*flfcfc««;Rlrta»SS*6:frS* 

A projection optical system, A projection exposure 
apparatus, and A projection exposure method 

Background of the invention 

(1) Field of the Invention 

(2) Background of the Related art 

■rtzte-Z*. JfeteSfetb-Cfctx 3^^^^<§f;h/t&fe;!kffi^>:ADiijfc (j&fi: 3 6 5n 
m) tftt»^tKrFxa^>7i/-lf^ : 2 4 8 nm) J^iS^^Ttt^Ds 

S6t N ^tii HSilOAr Fx^vi/- tf^te 1 9 3 nm) *^M<b^^ 

*6«Ji*»3fc3fc©«««flS&BKJ2:U'r, F2 I/— y : 1 5 7n 

t^?>x, m^m^tc^m^m^(D^6m^vxi±, ±MLtz^^u— if^o^ 
(D^mi^^xn^^mcD^mm^mm^mmT^^hifi^^ti'T:^^. 

Summary of the Invention 
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^fafr5 75-n5j«s^T. mmmi uyxmxitmm^iui^ mum2 v iy xm-^xmtsmtp 
-?mmm 5 ^ yxm^x-mmwp-r zmmit t mmm 2 v yxm^^m^m^m^m 

1 . 7 <Mx2/Mn3<4 
0 . 8JiLJ:T-25^c 

com%rjj%^i~f%Miyyxm£, iE(Dmmti^T^m2uyxm^ nvim-ti'&M 
-r^3 uyxmt, m4\s>xMh, ^(Dmmts&m~rz>ns^>-xmii?tMx-2> 0 m 

is xm^xm<p& ^bu^fafr^mmzm fr-ommms yyxmzp-x^mmtp-r&m 

0. 7 7<Mn4/Mx4<l 

_hfBBB5^J5S-r^fefe^. «0^^^i,«3 6DS^^^f^ St(Dl/>X§ 

5 uyxmt^m^.^. mmm^^^m^<Dmwiw.m(Du>x(Du>x:m(Dmm^^.r^i± 
mmmmoyyx^m^ mmM2]s>xm*xm^&m%, mmm3uyxm^xm 

^fe. *mmx\^ mm(D\y>X(Dm3^(DM^^:u>xn±xi±Mt.-r^M^^. ^ 
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Brief Description of Drawings 

m 1 n 

m 1 teu ^mM&m 1 mm^KD^myt^mcD^mm^^^. 

m 6 « N ^mmcDm3mmmcom^^m(Dmiumm^$)^. 

mi on *«K0iiiB6WgJBifc«-6iaa^»^KB©*jaiaTfa5*o 

g^cDSS^A* Wife*: U > XcDBEB^d i: ^^"T EIT* % & o 

mi 9 {4. *^?§©il0^t-i-S ^ Dr;U Xtl^©-^J D-^- 
Detailed Description of Preferred Embodiments 
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am i —is 3 cD&Bft^m(DmM<Dmmizmz&By6^&(Dftmm'e$>z>c> m. 1 ~m 3 iz 

}f^W^2 uyXMG 2 M.(om$tti*mTZ>m3 vy^MG 3 14U>X 
g¥G4 ii. sE(Dm#rJj*mTZ>m5U>XmG5£&im?lZ> 0 ^UT. H§3 lx>X3¥G 3 
J:I2IB hcDP^t^SP^D^iEg^n^c 13 1 ~~m3<DMX~l^ SS4U>Xi¥G 

6 &&^d£^ztetf&\s>?;m(Dmmm±, mi mAim^^m2mBm^m^o^mz^s 
::- ^x. s§ i i^>X:pG i X'l^mmmmv, 12 p>x^g 2 4>T-iiia^&M / J>^ra^^^ 

SJ IrJ^U. 13 V>Xg¥G3^T-Mii>^e>±iiD^lSl^af:llR3^^Us Tb^Sg 5 ^ >Xi¥G 

PU ^2 U->Xi£G 2t+>T-i±^JjD^feM / J>-iSl^5MlS]^WU. 0 3 V >XS¥G 3 * t?^^*- 

ru t>-mm^\&from\*i&m\^ fr^m5\s>xmG5^x^mm?PT2>m$t*hz>o _tis<£> 

2 m^^cfc DM2 1^>XS¥G 2tI3 ^>X^G3*#^j^^y^^^;V«I^^^ii-^ 

£2T£. m3u>xmG3^xm^M^>. m3\y>xmG37imm5 u>xmG 5^-x 

{is 1 ocD^P>X^^"b. 12 l^>Xi¥G 2fc£ N 4>t£ < £ lo©^>X 

iiiJ>^< ^*)3oct)IE1x>X^^^Ls i3P>X^G31t 'j>& < 2o©ftP>X 

W?)S©M^Mx 2 £ U S§ 3 1^ >X?¥G 3 ^©^'J^^S^^T SSO^MHS 
i&Mn3mi:^ &lT©^ff^ (1) ^^f^o 
1. 7<Mx2/Mn3<4 -(1) 
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mjE±^v<m^ 0 i?£>iz&£ish\mnmk.Lx&, ±m3. 2, tiki. 85hte%< 

^t§I©t5SI§Mn4htl,ig, £IT©5^5£ (2) ^SiT^o 
0. 7 7 <Mn4/Mx 4< 1 -"(2) 

(2) &mmmmizt&MumimAfr^m2ffiB£-e<Dmiz3si^rfzt£ 1 r=> 

©0Sr^ffi/J^*^to3te^<^^*J^*^b•rv^s. sfeffst (2) ei& 

fi/J Vg;*;T- & § tz 8> 1 #RBJMt £ j& 3 c 
£ & fcx iSi^^t* 1 ©^?© p >x© ? ^©'J>fc < i: * l o© u >Xfciu imffiftZtt 

fcs WT©MS (3) £«JE«c: UVs, 
0 . 8<D 1/D 2< 1 . 2 - (3) 

G 3©;g-^©l/>XP>£©/j>%< ^ looi/>Xlt -%©'>&< il^) 

— WtiSlWi&ii&Sckd t^$ii§o £/c. ^HAtl2^>Xi¥G2^ffl«/j^ 

© 1^ >xii N m 2 mb tm 2 u >xmG 2 *©^j^2&s£*-T3 u 

©3*©iiPjRt)ASJt;t)**l®Afflfcffi**r*ii>«:< lo©p>XtS^ 
©b>X£«\ fegS^©5*»©'J>«:< fcfc— ##W»TOfc&*«fc5fc:##;*;iT,*o 


5/34 


00/06830-US 


DAS <t !>fcm®AiMictt»-rs4>&< loffll/>Xi:, SH^^^^^OSt*©!^ 
>X©dt>©^P^»3AS£D£lg2®BiBjt;r&af-£/>&<^& 1 o©l/>Xtl^ ^ 

&u>X(2>&m;&U c ^S&©5^©4>&< — 3&5feWSE*r«cJ:K:*. ^ Sftfl&^mo-fe 

M 1 «U mi HSfi^9fC«fc«»;»^6^m©^KBnf**o *«^0©iS^3te^^tt. 2 4 
©3fcJS3ai4JB*fSW (b>XL 1 1~L5 5) Bu TKZkH*?* (l^^H^) ^ &ff$J5£^ia 

i p >xi¥G i iE©ejFf*^w-r^»B 2 ^ >xg¥G 2 :#t©>H#r;*j£^-r * 

13 V>XS¥G 3 ^"^^Pln^D ASW§I4 1^>X1¥G 4 £u IE©jg£r:*J £ 

®Afiy^e»^2MB{i!i^.iRi^-5^ : iRi^*5v^-r. f§ 1 v>xt¥G iT-i±-^8i±i;&nu ^§2 > 

>XS¥G 2r*JT?JtftlA»e,»iJ>^|Sj3&*-5ISlqF*^U MS U >Xi¥G 3 ^t-M^&^n^ 

iS*5«fa**u *o£S5 w>xg¥G5*-e#^ / J>-r ^a^i:^o-rv>§ 0 ££>fcr. 

i2l/>^G2*ti^m. ^3 1^>Xl¥G3^T*fig/J\^t»^ SB 3 7331iil 5 1^ > 
XI¥G 5 ^X'ffi^^il 1 IA*^2IB*t-ffiFW^"tfee 1 ~?<Dmm?£ 

>xl i 1 1., \mm*wimAmizm?fc*—x%xmvt<Dfii'>xis 1 2 c 

g^XL 1 1©12IBI1©I/>XIASP 1 «:^^®^k:^&<**x*r^3o 

312 b>Xg£G 2«U miMA-{iJ^?>JS^. P3S^l®Affi!lt|6l^fe^-X*^^^ 
©2o©Al/>XL 2 1, L22t, H£bff2>t£©2o<DlEV>XL 2 3. L 2 4 iu i£b® 
^^l®A{ld^|q|(tfe^-X5bXff^©2ocDjEl'>XL 2 5s L2 6 2i£:#-r£o 

SB3 b>Xf¥G3J2\ gl®Affl!l*S.its ¥C3»Ab>XL 31t MIHBf^© 
3o©^P>XL 3 2~L 3 4 IH!®&^ 1 ® A«fc:fatt&;*=X 33?.W$SOfk U >X 
L 3 5t%*t5. Alx>XL 3 4 ©Sg 2 ffiBffifl© U >X® A S P3»»W 

^4L->Xi¥G4tt, S51ffiAffljB»£«tc: N ta®^^2®Blffll^rSl{^fe^£ t iff^cDIEU' 
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I5 1/>XffG5it Hl®A{Hafr£>Jlp^ ^fiftMfcCDjEl^XL 5 1^ &W&im 1 
®AW3fai:tfc^-XftX^^©3o©IEU>XL 5 2~L5 4 ^Rt^N&L 5 5 £ 
flTSo ^Tr. lEl^XL 5 3©S§2®Bfl©U>XfflASP 4tt^«MMtffM 

02 HU ^2^»P3j;^S:^7 , 6#m©7 1 62SIlT^^> 0 ^mm\<0^^%^-M^ 2 4 
8. 4nmti*SIJ:lfe*©t$5o Jg 2 ^SJ£W3:£^T. i£it^#mcD^X 

CD^^JS£f£S*t (1/>XL 1 1~L5 5) fi, S^^X (l^H^) A^TF^^ix 

Ei2{c^-r^^t). B2«^a©^^^{is i mAMfr^Mi^ M<^m^^^ 
-tzm 1 >X3¥G i sL<Dmmts^m~r &m 2 u >xms 2 Mcomm^m-r^ 
M3 u>xmG 3 t % %mtpizmn$£D as &m-rzm 4 ix>xs¥G 4 iE©jg#TX?£ 

;g«Sg5 l/>X^G5h£itx.Xl^<, ^^^m^^^^b>X@0«ilg(*. £5 1 
ffiA«sb»fe»2®Bfl!l^lBj*-5^|qlK:^V'»*C. HI U>Xi¥G lTf{4^IH±8iaU f 21/ 
>X3¥G 2 4"Xit#a^£>M^r^?Mfa£^U 13 i^>x^G3^-cM^^itin^ 

12^>XiG2M^i^ f 3 l/>Xl¥G3 4>t:-M^*^t>. fg3 7JMJ§5l^> 
Xf¥G 5 ^x-^^c^i: 1 @A£>£,SI 2®B ^T-cDlia^&V^feje 1 o©iS«5fe 

ss/Jn -r ^fiS; & X M § o 

>XL 1 1 IH®^^ l®Affiy^[Rli^fe^^^*x?fm©^l/>XL 1 2 ilMlT^o 
3tl^©tl'>XLl K L12C£oT. |PBrafi^©m^l/>X£^J^UTV^o <^ - 

-e. ^i/>xl i i©i2iBii©i^>xiASP i &mmmftmizmz&^tix^z> 0 

M2 V >X3¥G 2te, H 1®A<1]^£>J§!^ OT£ffI 1 ® AfUKlnlf^fe ^ -X li^mVt 
©2o©^V>XL2 1s L2 2i:, IMff^© 2 OCDIE L- >XL 2 3. L24L fiffl 
%m lMA-[Bfl^FRl^fc^-^^x3T^0 2o©IEV>XL 2 5, L2 6i:^t%o d C 
"C*. IEP >XL 2 6CD^2@BiPJlCDP>X®A SP 2(^^®^^?f^$nT^^o 

13 >Xg¥G 3teu BlSAiBJl^eJIM^. S«©4o0iI/>XL3 1~L 3 4 
[OT£:ff§ 1 SAttUMW-fc^ — ^^7^?F^©^P>XL 3 5 b^^i'T&o ^ 
1^>XL 3 4 3>fg2IaB#|eDl/>X®ASP 3 {i^OT?f^^fi|^^x^l/^5 0 

H4P>Xf¥G4« N fg 1 MAiBJli^Mi-. jSltfi^^©IEb>XL 4 1 £s M£:Ji§ 1 
SAii^fRlWfc^— ^*^?f^cD 2-D©IEU'>XL 4 2. L4 3h, ISS CiTF^R© IE 1/ > X 
L44t$ttl.o 

^5 1^ >Xi¥G 5(±. fglMA^JJ^Jfltc:. [HIffi^l®Aitfii^fe^-7*^^ 
®^lx>XL 5 1 ^ l®Atfi|^|Rj{j-fe^=-X*X^©4^CDjEU>XL 5 2 

~L 5 5 t^UTSo ^CT-s IEL/>XL 5 3 ©ff§ 2 ®B<ffl©l/ A S P 4 fcWI* 

® ^ £ nx V >5 o 
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O^llttflJfW (V>XL 1 1~L5 5) tts S^^X {&f$P5M) frbJ&J&tftl 

■r ass i >xf¥G i i:> lEfDm^f^j^m-r^m 2 v >xhg 2 ^«os*f 

13 1/>X#G3^ 3teBS*{3g|n3KD AS^ni4 b>XipG 4 & % IE©JS#rXj£: 
®A*a*»£^2®Bi«^fa*3#fate:i3^-t. fgl U>XWtG 1 ^(i^IUtftJU 121/ 

xpg 5 4^-e@^:*^ d> fr~z>m 1 ®A*»e>sg2MB*-e©iBt:*5i>-cfe^ i-icommtt. 

Ml U >Xi¥G fg 1 HAiffl^feJKt. lH^JK©2o0tl/>XL 11, L 1 2 

& . iix&©ftU>XLl K L12tiot, ffi&WM(DM4&h' >Z&tel&l^-C 

Cut, tU>XLl 1 <Djf§ 2 ®B#J|CDlx >XIA SP 1 ^3^®^{C^J5g^n 

®A<ay^IoI(^fc^— ^A7itt©^l/>XL 2 2 £u ffi£iB^©iElx >XL 2 3 £b® 
&miMAmtemVfz*-XjbXMWi(DlEU>XI.2 4 ^^©lEl^XL 2 5.^. 
thW&m 1 ®AiBiI{ClSi^fc^^*^^^£DiEl/>XL 2 6t^t§o IE L- > 

XL 2 5©^2MBiB!]©U>XlaASP 2 (i^OTf^^?FM^tfr o 
i3U>X^G3S,f lIAfi!l*^It, M£B 1 MA^^l$lW-fep<-X*XJF^ 

©je>>xl3i^ mwmvtcDm.i'yxL 3 2 di®^Mi®AfPjjt[qi(tfe^— x# 

^^©EP>XL3 3^ SIHBtt0 2o©ftl/>XL3 4, L3 MI^CD 2 

offllE V >XL 3 6. L 3 7 ^&^-r&o IEl/>XL 3 3©^2fflBffi©V>X 

IA S P 3 S^IMM^tlt^^o Sg4 l^>XS¥G4{3u 1 ® A» JHHKl. 
W^©jEI/>XL4 1 ff5ta^©^U'>XL 4 Sflr^©IEl/>XL4 3 

ilx C£J®^B 1 mAWcfttffc^—XftX^CDltl/ >XL 4 4J:^-T§. 

<D4o©lEU>XL 5 1~L 5 4 i:. H® £JS 1 ffi AlPjRziRjtt^ * Xff^©m 1/ > 
XL 5 5 ££;&«o C3T-s IEP>XL5 3 ©1 2 ®B{!!i©i/ >XpS A S P 4 

«T©^ 1 3 JCjg 1 ~m 3 <D^-«^J®^^^©M7C^^-f-o 

>X®cDEfi4^^ ^3?>J^?*#^>XffiA^^©V>X®^T-©®r^PS. f64?!Kc:ra;l/ 
>X^*4. ^5^iJ^tt^^®©^P-§-. l6^Jicii#l/>X©^s ^7^J^fi#b>XM 
(DMmum&ttm-tro ccit% *«^©M^l343i^^ffl«fl. EBRIIPlKDlMft© — #0 
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#l$fC4 , C6 , C8 , CIO, C12, C14 £^ibfco 


C4,C6,C8,C10,C12,C14 :3ESc®$i£Sr 

# ^ * © j±m fc* jy.r ©51 u -e jfe & o 

5^*T^^©e*T^ : 1 • 5 0 8 3 9 
5l3ff7^©^i[ :-5. 6xlOV+lpm 
S^^-^^CDirbS : 2. 2 

^ffcfcUfcR+1 pm&fcD©®#*©£ft«fcS*UT:J3^ 6x10 

6 x i o- 7 ^M'>Ts^t^li*fr^*„ 

WTO*l-*3tiV^ Si02{i5^^^^*^U. NAttI2®Bl©llP^ <t> 
M<D#!9fcffi*&»2ffiB*"T!<Z>ffi« Mt»E«t) tSto ASP1—ASP4 

as j*wp«»)*s%-r«'ft3Sx ^mmm^-o^x^mi^ gm^PintNA 

NA= 0.82 

/5= 1/4 
0=13. 2 mm 



C127 12 + C14F 1 


0 4 
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m i » 

mimmm mi) 

D 0 =64.281 (mm) 
WD = 10.468 (mm) 

mm^& mmm/tpibm -ff^x imm i^>x ^m^. 

(mm) (mm) (mm) 

oo 25.500 Si02 Lll 132.4 

211.275 41.253 ASP1 142.1 

-112.355 15.000 Si02 L12 145.3 

1957.054 8.327 189.9 

-1339.441 37.900 Si02 L21 194.9 

-226.291 1.000 212.3 

-2414.978 46.229 Si02 L22 241.9 

-235.640 1.000 251.9 

1026.407 48.054 Si 02 L23 277.9 

-395.138 1.000 281.2 

353.730 49.482 Si 02 L24 281.8(Mx2) 

-1276.637 1.000 278.2 

209.039 50.371 Si02 L25 250.4 

875.000 1.000 ASP 2 . 234.9 

215.723 44.255 Si02 L26 213.0 

125.930 32.223 161.7 

oo 17.000 Si02 L31 159.3 

170.295 21.427 141.2 

-644.129 15.000 Si02 L32 140.4 

267.780 83.890 135.5 

-111.250 15.000 Si02 L33 135.3(Mn3) 

766.547 11.872 155.7 

-503.294 53.098 Si02 L34 157.2 

1355.000 18.035 ASP 3 203.5 

-1349.778 36.393 Si02 L35 213.5 

-233.841 1.000 225.2 

oo 43.709 Si02 L41 253.3(Mn4) 

-279.044 1.000 260.1 

298.150 55.792 Si02 L42 286. 1(Mx4) 

-1235.697 12.300 284.8 

oo 16.855 AS 277.2 

-795.958 24.000 Si02 L43 277.4 

278.236 27.029 274.5 
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34 

: 500 

126 

58.684 

Si02 

L44 

283.1 

35 

-393 

.024 

10.492 



286.0 

36 

2955 

500 

32.879 

Si02 

L51 

285.8 

37 

-626 

544 

1.000 



285.3 

38 

201 

110 

49.960 

Si02 

L52 

265.1 

39 

730 

074 

1.000 



256.6 

40 

162 

066 

45.261 

Si02 

L53 

223.7 

41 

280 

000 

5.759 

ASP4 


201.3 

42 

159 

106 

53.928 

Si02 

L54 

177.4 

43 

492. 

581 

6.294 



130.6 

44 


oo 

53.000 

Si02 

L55 

125.0 

45. 


oo 




56.4 


< ASP1 > 


< ASP2 > 

/c 

0 

00000 

K 

: 0.00000 

C4 

-8 

. 99872 xlO" 08 

C4 

1. 00733 xlO" 08 

C6 

1 

88253 xlO" 12 

C6 

-9.57452 x 10 -14 

C8 

-6 

92844 xlO" 17 

C8 

2.76746 xlO" 19 

CIO 

6 

86429 xlO' 21 

CIO 

-2. 57352 x 10" 23 

C12 

-1 

21 174 x 10 24 

C12 

7. 72339 x 10" 28 

C14 

7 

08409 xlO" 29 

C14 

-4.21223 xlO" 32 

< ASP 3 > 


< ASP4 > 

AT 

0 

00000 

fC 

: 0.00000 

C4 

4 

32781 x 10- 08 

C4 

-1.11168X10" 08 

C6 

-7 

29382 xlO" 13 

C6 

1.69910 xlO" 13 

C8 

-1 

89306 xlO' 17 

C8 

-1.71278X10' 18 

C10 

1 

26587 xlO" 21 

CIO 

-2. 32359 x 10" 22 

C12 

-1 

84258 x 10" 26 

C12 

5.36170 x 10" 28 

C14 

0 

00000 xl 0 +0 ° 

C14 

7. 75398 xlO" 32 


((f2» 

D 0 =60.533 (mm) 
WD = 10.250 (mm) 

mm^m mim/**bm u^x imm u>z mmm 

(mm) (mm) (mm) 


456661.760 14.007 Si02 Lll 130.8 

257.652 35.928 ASP1 136.7 

-111.976 14.000 Si02 L12 139.3 
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4 

-372.001 

15.312 




165. 9 

5 

-177.016 

42.312 

Si 02 


L21 

169. 6 

6 

-192.938 

1.000 




208. 3 

7 

-1457.639 

36.216 

Si02 


L22 

237. € 

8 

-267.611 

1.000 




245. 8 

9 

1940.558 

37.760 

Si02 


L23 

267.3 

10 

-430.648 

1.000 




271. 1 

11 

688.317 

36.462 

Si02 


L24 

277. 8(Mx2) 

12 

-902.945 

1.000 




277.5 

13 

226.241 

47.929 

Si02 


L25 

266. 9 

14 

1191.278 

1.000 




260. 1 

15 

248.626 

35.812 

Si02 


L26 

240.4 

16 

1789.195 

50.884 


ASP2 


230.7 

17 

-4234.706 

18.811 

Si02 


L31 

173.9 

18 

123.779 

31.361 




142.2 

19 

-463.315 

14.000 

Si02 


L32 

140.6 

20 

210.723 

97.502 




134.8(Mn3) 

21 

-115.190 

17.865 

Si02 


L33 

138. 1 

22 

3048.133 

14.394 




159.5 

23 

-306.688 

55.025 

Si02 


L34 

161.6 

24 

2288.537 

12.262 


ASP3 


215.5 

25 

-3110.668 

37.657 

Si 02 


L35 

220.7 

26 

-238.147 

1.000 




230.6 

27 

2784.239 

49.533 

Si02 


L41 

262.4(Mn4) 

28 

-261.060 

1.000 




267.7 

29 

301.548 

50.456 

Si02 


L42 

287 . 3(Mx4) 

30 

2090.868 

12.300 




284. 1 

31 

oo 

9.305 



AS 

282.3 

32 

9513.104 

55.412 

Si02 


L43 

281.2 

33 

271.141 

27.421 




276.1 

34 

462.725 

50.112 

Si02 


L44 

283.9 

35 

-564.778 

1.000 




285.6 

36 

-84302.567 

34.086' 

Si02 


L51 

285.7 

37 

-509.897 

1.000 




"285.7 

38 

200.575 

46.481 

Si02 


L52 

264.3 

39 

648.269 

1.007 




257.2 

40 

169.530 

35.871 

Si02 


L53 

227.6 

41 

279.942 

8.224 


ASP4 


214.2 

42 

146.299 

54.467 

Si02 


L54 

182.4 
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43: 

469.601 7.273 



139.5 


44: 

5116.633 58.229 


Si 02 L55 

132.2 


45: 

1153.136 



54.8 







< ASPl > 

< ASP2 > 



K 

0. 00000 

AT 

: 0.00000 



C4 

-9. 38125 XI 0" 08 

C4 

1.54761 xlO" 08 



C6 

2.50879X10" 12 

C6 

-2.39312X10" 13 



C8 

-6.27999 xlO' 17 

C8 

4.05575X10" 18 



CIO 

4-12928X10' 21 

CIO 

-7.34673X10" 23 



C12 

-2.17575X10" 25 

C12 

7.00382X10" 28 



C14 

0.00000 

C14 

0.00000 


E 

< ASP3 > 

< ASP4 > 


o 

he 

0.00000 

K 

: 0.00000 


-" 

■^ 

C4 

4.46673 xl O" 08 

C4 

- 1. 54863 xlO" 08 



C6 

-6. 64292 xl 0' 13 

C6 

-2.55751 xlO" 14 



C8 

-2.78075X10" 17 

C8 

1.39035 XlO" 19 


c 

CIO 

1.34132X10" 21 

CIO 

-1. 53962 xlO" 22 



C12 

: -1.05650 xlO" 26 

C12 

-2. 14246 x 10~ 27 



C14 

: -2. 22069 XI 0' 31 

C14 

8. 42244 xlO" 32 








mzmnm (i3) 





D 0 

= 53.785 (mm) 





WD 

= 11.251 (mm) 











(mm) 

(mm) 



(mm) 

1 

-1389.219 

25.000 

Si02 

Lll 

127.4 

2 

234.167 

38.998 

ASPl 


137.9 

3 

-102.435 

17.000 

Si02 

L12 

140.1 

4 

1678.662 

8.983 



189. 1 

5 

6096.345 

44.509 

Si02 

L21 

204.4 

6 

-197.984 

1.003 



216.7 

7 

-1734.379 

34.196 

Si02 

L22 

245. 1 

8 

-305.392 

1.011 



252.5 

9 

845.430 

45.398 

Si02 

L23 

274.2 

10 

-425.259 

2.389 



276.9 

11 

315.881 

35.123 

Si02 

L24 

277.5(Mx2) 

12 

1240.127 

4.140 



274.2 
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13 

377.898 

36.758 

Si02 


L25 

266.7 

14 

-4217.598 

1.000 


ASP2 


260. 9 

15 

239.656 

39.372 

Si02 


L26 

236.0 

16 

1227.710 

38.926 




224.2 

17 

1415.772 

21.030 

Si02 


L31 

175.3 

18 

199.038 

28.658 




147.6 

19 

-233 . 226 

16.799 

Si02 


L32 

145.0 

20 

136.280 

29.897 




132.0(Mn3) 

21 

11572.716 

48.062 

Si02 


L33 

133.6 

22 

4005.560 

19.859 


ASP3 


137.3 

23 

-147.265 

17.000 

Si02 


L34 

137.6 

24 

288.349 

21.528 




156.9 

25 

-1136.286 

20.564 

Si 02 


L35 

165.4 

26 

460.382 

13.073 




190.4 

27 

13964. 940 

34.001 

Si02 


L36 

196.7 

28 

-238. 368 

5.343 




206.6 

29 

79flf) 267 

35.691 

Si02 


L37 

236. 1 

30 

-303. 283 

10.205 




241.9 

31 

?R1 1f)8 

51.587 

Si02 


L41 

275.8 

32 

-14QQ ?68 

40.580 




274.9 

33 

-1199 . 144 

17.000 

Si 02 


L42 

265.6 

34 


41 .000 




261. l(Mn4) 

35 

CO 

0.919 



AS 

261.3 

36 

495 . 786 

37.966 

Si02 


L43 

276.7" 

37 

-1137. 747 

15.324 




278.7" 

38 

-2097. 155 

36.793 

Si02 


L44 

282.8 

39 

-367.624 

1.000 




286.3(Mx4) 

40 

230 . 000 

40.103 

Si 02 


L51 

286.2 

41 

413.404 

1.000 




278.9 

42 

234.229 

41.871 

Si02 


L52 

271. 0 

43 

803.282 

3.792 




264.1 

44 

154.591 

45.408 

Si02 


L53 

225.4 

45 

395.911 

7.175* 


ASP4 


210.8 

46 

138.759 

47.541 

Si 02 


L54 

"171.9 

47 

261.540 

10.750 




128.4r 

48 

: -2223.234 

49.636 

Si02 


L55 

122.9 

49 

: -1482.603 





59.4 








< ASP1 > < ASP2 > 
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0. 

00000 

K 


0.00000 

C4 

-1 . 

22769 xlO" 07 

C4 

: 5. 

48518 x 10~ 09 

C6 

3. 

91902 xlO" 12 

C6 

: -3. 

71287 XlO" 14 

C8 

1. 

54573 x 10" 16 

C8 

: -6. 

54689 xlO -19 

CIO 

5. 

R14^Rx 10" 21 

CIO 

: 1. 

54179 x 10" 23 

C12 

0. 

00000 

C12 

: 0 

00000 

C14 

0 


C14 

: 0 

00000 

< ASP 3 > 


< 

ASP4 

> 

/c 

0 

00000 

fC 


0.00000 

C4 

2 

48721 X 10" 08 

C4 

: 4 

78408 X 10" 09 

C6 

-2 

70011 xlO" 12 

C6 

: 2 

28738 xlO" 14 

C8 

-1 

401 84 x 10" 16 

C8 

: -8 

67747X10" 18 

CIO 

. -2 

90417 x 10 -21 

CIO 

: 1 

63825 xlO" 22 

C12 

: 0 

00000 

C12 

: 0 

.00000 

C14 

: 0 

00000 

C14 

: 0 

. 00000 


Mx2S f2 u>xm^<DM^m}^m-r^m(ommm (mm) . Mn3SI3I/>X 

^(D^h^m^mt^m^mMm (mm) &ntu-tu3= m5\zjs^x, mx 

4tti4 l,>XS+©i^g*tt5@0«ii (mm), Mn4tti4!/>Xi¥* 

(Dm^m^m^mT^may^m (mm) *mvx^z>» ^ ige^wr, d i«» 

1^®V>X©1->X®©*^S (mm) . D2ttI2«Ib>X0« (mm) 


(t4) 

Mx 2 (mm) 
Jf§ 1 flSSitftl : 281.8 
^ 2 ^JE^J : 277.8 
^3^S£^!1: 277.5 

m 5 » 

M n 4 (mm) 

gummm-. 253.3 
sg 2 mmm 262.4 

f3»: 261.1 


M n 3 (mm) Mx 2/Mn 3 
135.3 2.08 
134.8 2.06 
132.0 2.10 


Mx4(mm) Mn4/Mx 4 
286.1 0.89 
287.3 0.91 
286.3 0.91 


«^6» 

D 1 (mm) D 2 (mm) D 1 /D 2 
mmmmil): 234.9(ASP2) 201.3(ASP4) 1.17 
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M 1 ^5fS^!K2) : 

234.9(ASP2) 

203.5(ASP3) 

1.15 

% 1 HJE^!l(3) : 

201.3(ASP4) 

203.5(ASP3) 

0.99 

m2%m.miX) : 

230.7(ASP2) 

214.2(ASP4) 

1.08 

^2^3fB^!!(2) : 

230.7(ASP2) 

215.5(ASP3) 

1.07 

^2»^J(3) : 

214.2(ASP4) 

215.5(ASP3) 

0.99 

fi§3fOg#<J(l) : 

137.9(ASP1) 

137.3(ASP3) 

1.00 

ff3H3r£#K2) : 

210.8(ASP4) 

260.9(ASP2) 

0.81 


«F5£ (3) 41&bt^§ui:W§o 

04~i9tll mmm-m 3 p»J©&f^^©M 2 4 8.4 nmC^W 

& ffi 2 ® _t-r* ©iR^ia £^vr D 

C^T*. EI 4 As 0 5 A;&tf 12 6 AfcttfcpBJ&^Ek HI4B. 0 5 B^T>*® 6 B lill^iK 
MEU 14 C\ 1115 C. %tV<m6 Cfem&lW.Mm-e%> *K H7~E9eD^l5>© (a) ~ (e) 
y^^pSj (TANGENT I AL^fS) IZ&VZWH&M (nvJRM) ^^D. ( f ) ~ 
(j) (i^^lRl (SAGITALM K*lt5«JKl -e&Zo &W.%km 

£fcs EI4B. m5BJ%.Vrm6B(D$t&$LM:miz3$^X, WiMte^ = 

v^>-^;v) ^bk nmzmtz (y-w*)^) #®^^l,t^^c *43s hi 7 ~ei 9 © a 

© (a) «««Y=1 3. 2{3i5i^§-7-^In]©^iR^^ 17-19©^© (b) 
tiSY=9. 9t3:fetf£^;&fa©#tJ&3tiEk H 7 ~EI 9 © -5 13© (c) fc«glif5Y = 6 . . 

Qiztett&^^facommmm, Ei7~iii9©a*»© (d)«^SY = 3. 3£*5tt£>^ 

^^©WiMEk E17~l219©a-fe© (e) !itlY=0 (^fiJi) f^:fe»£^P;&fa 

<Dwa&imm-z&*), 07-139 ©*>*>© (f) atiY=i3. 2iz33&zm&jjfa<Dm 
mmm, mi ~m§o>o%<D (g) «^«y=9. 9iiii«^^©i*si^ ^7 

~19©o^© (h) }»«Y=6. 6t*5&§^^lRi©itia gl7~i909t» 
© (i) {^^Y=3. 3^*5ij-^^^tRl©^JRMia. 0 7-EI9 <£»e>-£© (J) fct« 

#jR^EictDwe>ip*a43Ds *«^y©^^m«. Moa^^Mfenssfe-e©^ 
m^w^. ^^e^ir]©TO8. ^m^t? p=i©*m^ 2 6 ©s^^^s^M^se^-r 

FWHM (full width at half maximum) t" 0 . 5 pm©iSlBT*^l£M*iIE;b s 7££ tlT *5 t> s 
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Hil 0td^-CteXYZ«2£&«^£^LTV^o XYZtffli^ 

g§ i 3 (DmrnmcDHti-fr 1 o©tom*s:^^^^^^^^p l £ it^it, 

r F^^^^l^—I^-BM^^ 9 3 nm©A r F^S^ -t^.SfcSaS 1 

2 0 nm~ 1 8 0 nm©*»*It?»*§^t5 I'-t*. 15 7 

nm©?^^-^ (F, l/-»f) *\ W*14 6nm©^'J7h>^^ 
— tf 1 (Kr 2 tf) > Mil 2 6 nm(D7;^>^^l'-1? (Ar 2 U— If) 

T&^JSS^^^f^^KWM^ 1 - 1 9 8 7 5 Q^^ER^II^ 1 1-174365 
I177-f7-fU>X43, X-A1/>X4 4, &g& * ^— 4 5 ^liR^.^ ttf 2 7 ^ -f 

19651 s^&m.Rvz.tuzMmtzxm'ftWfns, 473, 4i o^&m 
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mm^mt&tb 1 i*&o3tiix mm^—i 51, 154, v>xmi 52, 153, 

x;^r-y 2 2%XY¥®f*re — &7ctote8WJt6-ca& *©te1fiffi«fci:^F#th 2 4 

O'pt^^&^m-r^^^^xcomM, -u^a. 7-;v^>s ^^->, ^u^*b> 

^4 0tctt) ^g&»BM£ t> MKfi U> MASSES** D SHfe^^**- $/>^15 0CJ:t3 
>>^1 5 OI4!r->^4 9 £<fc t>^$tfrv>^ 0 JS^^PL g<£ 

gXttttft* 1 15 0 nmggfilT ©*C^ It eittA 5 l < , ^ U »2? ^fciifcg 1 0 0 n 

j:itA'^ASfflv\ mcoytm (pba.ki'— if ^2 ~ u*-#/i/R3i ~e commute 
tour «i|#^*r^ a wc % «fc^„ 

^V7r-^RS»ibW?»o C0^r — *yy*7 1 7 OCIt' u^r5?;VR*«A - *tttiJ 
T£fc»©JR 1 7 3#18tttivC:i3t>s 1 7 3©*MMK:H:* l/^^>m*ttL^ • » 

fcHBSC>r-—>>^l 7 0ft©»HM/b^^^n§CD*^<'fci6©^e^l 7 Ai£Wt 
tt£*i/rv^„ u©^7gMl 7 4l;*i 1 7 7 £>n-t£!K 

ttv^i/^;v7 h 2 io h©rio^^^;v©fitIuiiIi 77^^b 
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^-i^2 2^iSlW§^2 3WbW5o CCD?-— >>4?~2 0 Oi;S, 

>^*2 0 0 P s 3^(D#Hm^^^$tl§©^K<-fe^©7^^S^2 0 4 #|£it£>n-<^ 
^>o o©A'7xim2 0 4tftI2 0 7 A^IStf £> fit 33 CK ;£fil*]g&^<£> «7^\W©«A. 
^®^gP^^ 1 7^^W©^ttS(i^CD^2 0 7%ifr^X?f5 a 

^»^4 0, 1 5 0, 1 7 0, 2 0 OCD^ifve-tUdfcU 1 4 7 , 1 

5 6, 1 7 1, 2 0 1 #|gW-£>n-r:}5tK £tL£><D3&$C^ 1 47, 1 56, 171, 20 

0, 150, 170, 200 CD€n?ilttt, £f^# 148, 157, 172., 202A* 
Wttf^ixX&b, Cin?)0#^#1 4 8, 1 5 7, 1 7 2, 2 0 2[± N -^tl^tl^FE!^© 

mmiz, ^fitll 7 4,2 0 4^*^M#l 7 5 , 2 0 5h*M# 1 7 6, 2 0 6 
h#tgtf-?>2x-r:fe!K ^M#l 7 5, 2 0 5!i|&Miif§^l^ ^#1 7 6, 2 0 6 

L cd^M 1 8 1 1 8 2 #fgtf- 5. tLX*5 D ^ f^ffr 1 8 1 it^m^CD 

147, 156, 171, 175, 181, 201, 205 ^ 

%>m,mm£. 148, 157, 172, 176, 182,202, 206 &mtf ^ 
ntzmm.^s&ttete, HEPA7^;i/^^«v^ULPA7-fj^fcr>l (^-^-r 

££x ^1^11 7 4, 2 0 4k::fe^-rf£. ^^•^^^^3ltt'>^^55^CDP^^C^^ 
xmm&ff d^^-Sc Miti^ 1174 =grg^Tb3^;v;* 

hy*2 1 0*^l/f^M^IMl 7 4F*3lclAU 1174 ^f5B#rt#xem^ 
i 7 4 p'g^^^-eTife u." ^£D^, wi 73 £m<^T\ 

0 4(*jt*^U -©12 0 7fe(Htf>*C5tf;*«ft32 0 4 rtfc«rj£>gr 

JP2 0 3^i^t7x;\^7XA^'2 OltiSt^c fcfcs >>ac.^ 
^tBcD^-^»CC5^©^T*fe^ 0 &:fc\ ^7tMl 7 4, 2 0 4 -^CD^fi^CD^lZ 

^»^1 7 0, 2 0 0tfeV^tt, ^fM1 7 4, 2 0 4ia§*"Xt 
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% l.o©u>Xt£ N ^©teB^tN'g!^© ?-£>©'>&< — ##SB^Wtei:&5«fc-5 

^tvrv^o ein^tK tfiae^*PL©«g««Ftt*»iE*es«.o ^fiw^-efci. 

P L©*g^«rtt*»jEf *. 
Hi l t43V>Ts SHayfeffoti-aWMIIi: UTn S^^^PL©f*gS (*S1S&©i*HBi) fc: 

»mffi-fe>-9-3 0 O^IS5j-6nT*5Ds M„E-tr>-tf-3 0 O0tf«|«^^*»J^3 0 1 kzgfc 
ili&SftTl^So ££ x SfljmP LO»|g»?.tl&8fit >^ 3 O 2^ SfLEE-fe^l?- 
3 0 3. j&tMS^-fc>+?-3 0 4iiJ;ot^tifMtl$tl^SI^^P L^HtrSirf*© 
Ms ^»En ^:t>'SJg©«^ i fe^tt^tL^J^3 0 1 C^iitV^. ±W^3 0 

tS3 D x *0V>XOffiBMS»ca fe©^ < 4:*— ^^SBSE"* - *. Ttzt> 

^ftUffil^ 3 0 111 ^^*PL©rt^©aW8^©*ftfcl!a^3te#3RP L©*§«i 

4*4* (Mikm) fc©ii«&?»fBttt u-tfet^ m^©^-r 5>^-e^-fe>if 3 o o , 3 o 

j£n?S * ?g^^* s ^$?^75; § <fc a M V >X©ffi»S VS5»© 5"£<OiJ>3&<fc% — 

i^T. l/>XLtt U>X#3 10KR^^ ^©U>X»3 1 0«^ffiftl 2 0° r 
fcK^#IBK^n&34B©Mr3fc?3 1 1 a, 3 11b, 3 1 1 ct^lt^ntv^o ± 
3 0 1 fcfc. «-Mj3&E?3 1 1 a~3 1 1 c K:*rr*IM&1tBE&flH* «J$p-T £ C £ 
tc<fci). 3 45 3 1 1 a~3 1 1 cSS^tSfeSl/fZi^rtl (^WAX^rSl) 

3^©fgfl&Ji5?3 1 1 a~3 1 1 c © Z W^rnI©#^«A s P] b»tf£> 
<&KfcJ\ P>XLfc*Ztt#fa (3ifi*AXSfi) -^»U 3o©|gii^?3 1 1 a— 3 1 
1 c t<k5 Z«i*|ql©MlisSft§f t^^t^l^ b>XL(iZlfitiI5;XYI 

»m?3 i i a~3 i i cifiw&wtftix^zmm mm&) £t±, ^ia^©feg-fe>-t?-^ 
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lEg^n. ztit>(D&m j t>y--etk&£n&mmm : ?3 1 1 a~3 1 1 cfD^mmcomm. 
&%.ffimjk3 o i izm^n^o 3=mm&3 o n?i± s ^ffl^ti^-fws^a^ft^^^ 

<fc5 P — X r^^T-lgffij«^3 1 1 a~3 1 1 c lC*t"T-*|gtt«JE* 

fax- &%:m.m bt^i^o • 

^m^t^MOl^ >X©a ^ffl 3 U >XL 1 , L2, L3l«h^ 
£E*^ (f^V^^) «^&«KS#«|g<£<z>ISKilK?^trJeKrtiR:3 1 5-3 1 7t 

Q ^bT^-f ;Uh£-*3r&C:fc*s*££So 1 3 iZ^TmX'i^ 3o©b>XLl 

~L 3(£>?*>©Jb<Z>2o©l/>XL 1, L 2 (lx>X*£3 2 1, 3 2 2) #\ IT^© 1^ 
qj >XL 3 (1^>X^3 2) _tK:|i*jK/£f5 3 1 5 — 3 17 S^ttil^flfc^^^^T^ 

in i 3 \zmtmm,(Dm^ 3 o© u>xli~l3 \±mT^.(o%%m^> 3 1 7ia^ts 

nj tK 1^>XL 1-L 3©2V^©OTM«fcfc«l*Lfc&a:*ft©^>;*L 1~L3^^ 

* d t % & s o wsa^fh p l 4> u > x * ^ t ^ -riEtt-r § ^ v > tttHsy 
^#u>xicg^^nstii»^^w^fc^if^e > ^^$n^o iiu te 

- 1 9 5 6 0 2^&««fffcWS**LW*o £fes ZW^fqF GfcttAX^lin]) -vCD^Kk 
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imm¥-9 - 1 o 6 9 4 4-s§. raraf i 0-206714^ Rmm^i 1-4483 

D©^-f ^ h*f?5«H*fcHUTfcJ:s 2000-235 1 3 4fi5fM^i2 0 0 
0-2 4 9 8 8 6^S$P^::£|§^£ft-<:^£c 

fcZtt^-jRT Ofe«fAX^|qj) ©I/>X©£l», ZtVXmizYfittnM DSVYMK^fir^ 

PL^©m^o^>x©a^©iJ>^< i-o®i/>x^7fe#iiSii*xyffii*i-r-^i!i 

^©U^H^V^ tuxEb^Zffi^lDj (^fettAX^lRl) ©&fi&t>*X»|^ D 

2 mm^m^^* ^ >x©£miiHf3:. m 1 mm^mz x %>mmz x. -^-cmiE u ^n^^ 
i§ m$g3M§:£<fc3 v>x©teKSi>*^©iiMh^2ss^^^ c fc§ ix^x^^m© 

lo•v^T, IEMJ«ft3©#*?£ UV>o L->X^tt^M^XYS3P J 3T*^W$^^^ 
2ii^ffl«*»«ti: UTfi. 0»jtfc£. ^2 0 0 0-20 6 3 8 5#^IBl3ig^ 
£ ft £ R^IS £ ffl V > £ £ ^ & o 

Ifefe. _tx£L,feSg lH«^^^2|i^^^(Cj;^, ^>X©M^IFg?#©IMf-;!jn 

^i£^^©l£i&©p>x©d-*E>s ^$fi^b-ris]^^»i^>x®^^^-^>6!> 
^>o ^<D^,3mm^mznx), 4gi^^©-tr>#— t^^^^t^ i — s>s 

d^x*. b- u y^®^^^ftfeix>x^ffl^-r-fe>^-T^^^«iE-r^jms^ 
ov>-r^#^ife0j-r§c 1a 1 4 A^tFH 1 4 B»;j\ ^>5—-rxj&5j-%:mjE-?z>w.mitm 

m~t%tzlsb<DM^&% 0 Ml 4 AS^EI 1 4 BlZ&^X. 1/>X32 0, 3 2 1«u 
)t?^P L^J5gt" ; 5P>Xi^©— g]S©l/>X-e&&o ^tl^0l/>X3 2 0, 3 2 1 © 
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>X3 2 0, 3 2 1 li, * 3 2 0 A, 32 1AL 3^ 

^IrI3 2 OA, 3 2 1 A4:ie2flSUfe*ftT?»o*C j en-?nfflI*¥g©* < feSV^lS3 2 0 
B, 321 Bfc«tW5, Cd"C% 04"^T*^-T^fSl3 2 OA, 32 lAt[iL-> 
X3 2 0, 3 2 1 ©TO^* s St)3t<^D. El«^T-^-r^lRl3 2 OB , 3 2 1B^!i 
U>X3 2 0, 3 2 l©JS#r;fc:&sS*SS fe:fc. JUTKfcV^fci. OS#r 
ts) &m%%L<-&Z>%fa3 2 OA, 32 1A^iM«U ffl^^S (JB*fA) 
£§|< &-S:#IrJ3 2 0 B, 3 2 1BSaiigiii:*t«. 

B14AC»tJ:5ts 2o©V>X3 2 0, 3 2 l^TS.i^»3 2 OA, 3 2 
1 A^S^C9 0° £&-r»-£-Klfci:. ^tL^> 2o©V>X3 2 0, 3 2 1 -fe > * 

2OOUVX3 2 0, 3 2 1 JC*5V^ ^@«3 2 OA, 3 2 lA®*tM§9 0° 

5ftf(ciUTit 08*.*^ 4tH^7- 1 8 3 1 9 0-^£r$L 8 - 3 2 7 8 9 5 

£?$B. ;&I>*f#B§2 000-16448 9 ^iSW^gl^^rtlTl^&o 
015. 0 16, MH17tt, ^cOia 1 ~H3K:^Ufe*IBW©Se 1 ~&3<DmB&W 

7!. BlPt>OT4 0 OBmimfiE^^ 4 0 1 iiSS 2 KMMgx ^U4 0 2 tefi 3 giggg^ 

HI 5t*tim»J©S^IPLt"fl fg2 V>XSfG2 4«0 3o©iE^>X 
L23, L25, L2 6L S§ 3 U >X3¥G 3 4>© 2 ogd^ P >XL 3 3, L3 5 ^tc^f 
UTs SB 1W*E3M§*4 0 OKlilK Z«^|ql Ote«|AX;&f*8) ffl&E. JRtfXttCspfrfc 

mm\)j&T*Ym^fttkmffi*)<D^j)VY<Dmmi*^m^-&&<> m2u>xmG 2 

tf©jEL->XL2 4^1/>XL 3 1 »2llll#R4 0 1 K=«fc»K ftlft^S 
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